Abstract. Although high-dose cisplatin is the standard regimen of concurrent chemoradiotherapy (CCRT) for locally advanced head and neck squamous cell carcinoma (HNSCC), varying levels of patient tolerance towards cisplatin have been reported, and the predictive factors of cisplatin tolerance remain to be elucidated. The present study retrospectively reviewed newly diagnosed HNSCC patients who received CCRT. Cisplatin ; OR, 2.21; P=0.032) were significantly predictive of high-dose cisplatin tolerance. The high-dose cisplatin-tolerant patients had a significantly higher complete response (CR) rate (82 vs. 67%, P=0.045); however, there were no significant between-group differences in the 3-year OS (79.5 vs. 81.2%, P=0.59) or PFS (70.4 vs. 44.6%, P=0.076) by cisplatin tolerance. In clinical practice, approximately one-half of the patients tolerated high-dose cisplatin in CCRT. Male gender and high BSA could be predictive of cisplatin tolerance.
Introduction
Concurrent chemoradiotherapy (CCRT) is the standard treatment strategy for locally advanced head and neck squamous cell carcinoma (HNSCC) (1) . High-dose cisplatin is the most common CCRT regimen with evidence of its efficacy obtained in randomized clinical trials (2-4); however, due to severe adverse events, high-dose cisplatin is not applicable to all patients. Although the use of supportive care has improved the tolerability of cisplatin, the completion of a high-dose cisplatin CCRT regimen remains a difficult task. Additionally, although 100 mg/m 2 per 3 weeks is the most certified dose of cisplatin in randomized clinical trials, this dose has not been approved in Japan.
Between 2000 and 2010, cetuximab, an anti-epidermal growth factor receptor (EGFR) antibody, was approved for the treatment of HNSCCs. Bio-radiotherapy (BRT) has also emerged as a new treatment option for locally advanced HNSCC (5) . Although the superiority or non-inferiority of BRT compared to CCRT has not yet been established, BRT has been recognized as a feasible treatment option and it is becoming more widely used in clinical practice. In light of the effectiveness of BRT as an alternative treatment, when clinicians consider administering CCRT, they must select patients who can tolerate a high-dose cisplatin regimen. When making decisions regarding the appropriate treatment, it would be extremely helpful to know the predictive factors of cisplatin tolerability. The present study retrospectively explored the predictive factors of high-dose cisplatin tolerance.
Materials and methods
Patient enrollment. Subsequent to obtaining approval from our institutional review board, the clinical records of newly diagnosed HNSCC patients who received CCRT with a high-dose cisplatin regimen were retrospectively reviewed between June 2006 and March 2013 at the Cancer Institute Hospital of the Japanese Foundation for Cancer Research.
All the patients were diagnosed pathologically by histological specimens, and pathological specimens and reports were reviewed by a pathologist with a specialty in oncology (Yukiko Sato). For the evaluations of the primary lesions and lymph node metastases, computed tomography (CT) and magnetic resonance imaging (MRI) scans of the head and neck were performed in each case. For the identification of distant metastases and double cancers, chest CT scans and gastrointestinal fiberscopy were also performed for all patients. Distant metastases were excluded from the indications for CCRT; however, patients with double cancers of the esophagus and/or stomach were allowed to receive CCRT when the double malignancies were limited to early stages that could be treated surgically or endoscopically prior or subsequent to CCRT. Patients who received induction chemotherapy or neck dissection prior to CCRT were included in the present analysis; however, cases of adjuvant CCRT following curative surgical resection were excluded. The indications for CCRT were discussed and decided upon by our institute's cancer board, which is comprised of medical oncologists, oncology radiologists, and head and neck surgeons.
Treatment. For the CCRT, cisplatin 80 mg/m 2 , which is the approved dose in Japan, was administered every 3 weeks for a total of three cycles. During the chemotherapy, the patients received appropriate antiemetics and hydration. Following the approval of the antiemetic and neurokinin 1 receptor antagonist aprepitant in Japan in December 2009, aprepitant or another neurokinin 1 receptor antagonist was administered perorally or intravenously to the patients who received CCRT. Elderly patients and those with reduced organ function received a reduced cisplatin dose according to the discretion of their physician. In cases in which one or more severe adverse events were observed during the CCRT, a skip, delay or dose reduction of the second or third cisplatin cycle was also allowed.
Radiotherapy was performed as 3-dimensional conformal radiotherapy (3D-CRT) or intensity-modified radiotherapy (IMRT) with the conventional fraction: 2-2.12 Gy/fraction, once a day, five times/week. Prophylactic percutaneous endoscopic gastrostomy (PEG) was performed unless particular reasons prohibited it (such as refusal by the patient or past history of gastrectomy).
Evaluation. The patient cisplatin tolerability was evaluated according to the cumulative cisplatin dose. Patients who received a cumulative dose of ≥200 mg/m 2 were defined as tolerant to high-dose cisplatin, and patients who received a cumulative dose of <200 mg/m 2 were defined as intolerant to high-dose cisplatin. The rate of high-dose cisplatin-tolerant patients was identified, and predictive factors of high-dose cisplatin tolerance were investigated using Fisher's exact test and a logistic regression analysis. The associations between high-dose cisplatin tolerance and response, and between high-dose cisplatin tolerance and adverse events were also analyzed using Fisher's exact test.
The patient objective responses were evaluated by laryngopharyngeal endoscopy, CT scan and/or MRI, based on the Response Evaluation Criteria In Solid Tumours version 1.1 (6) . Adverse events were documented based on the Common Terminology Criteria for Adverse Events version 4.0 (http:// evs.nci.nih.gov/ftp1/CTCAE/About.html).
For prognoses, progression-free survival (PFS) and overall survival (OS) were estimated by the Kaplan-Meier method. The association between high-dose cisplatin tolerance and prognoses was analyzed by Cox regression analyses.
For all statistical analyses, SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA) was used. In all the analyses, P<0.05 was considered to indicate a statistically significant difference, and in Fisher's exact test, two-sided P-values were evaluated.
Results

Patient characteristics.
A total of 159 patients were enrolled in the analyses. The median follow-up time was 36.7 months. The patient characteristics are shown in Table I Prior to the CCRT induction, 33 (21%) patients received some anticancer treatments; 23 underwent neck dissection, and 10 received induction chemotherapy. As the induction chemotherapy regimen, docetaxel and cisplatin (TP) with 5-fluorouracil were used for 7 patients, TP for 2, and S-1 for 1 patient.
Treatment exposure. The patient treatment details are shown in Table II . Approximately one-half of the 159 patients completed three cycles of cisplatin, and 73 (46%) patients reached cumulative cisplatin doses that were ≥200 mg/m 2 ; i.e., they were high-dose cisplatin-tolerant. IMRT was performed for 64 (40%) patients, and 3D-CRT was administered to 95 (60%) patients. Two patients failed to complete the pre-planned radiation therapy; 1 discontinued RT due to a lethal infectious adverse event, and the other declined the continuation of the therapy. A neurokinin 1 receptor antagonist (aprepitant or fosaprepitant) was used for 138 (87%) patients. PEG was conducted for 124 (78%) patients, and 107 (67%) patients received tube feeding during and/or following CCRT; this includes patients who received tube feeding from a nasogastric tube without PEG placement.
Predictive factors of high-dose cisplatin tolerance.
The results of our analyses of predictive factors of high-dose cisplatin tolerance are shown in Table III Adverse events. The grade 3/4 adverse events during CCRT are shown in Table IV . One patient succumbed due to an adverse event on day 30 of the CCRT, due to systemic sepsis following diarrhea and severe renal failure.
The hematological adverse events tended to be more severe in the high-dose cisplatin intolerable patients; leukocytopenia and anemia in particular were observed at a significantly higher rate in the high-dose cisplatin-intolerant patients (P=0.024 and P=0.039, respectively). As for the non-hematological adverse events, increased creatinine and aspiration pneumonia were observed at a significantly high rate in the high-dose cisplatin-intolerant patients (P=0.016 and P=0.001, respectively). Mucositis was observed at a high rate regardless of the cisplatin tolerance.
Response and prognosis. At the time of the analyses, 21 fatalities and 62 adverse events were observed; these events included 46 progressive disease (31 local recurrences and/or 17 metastases), 16 secondary malignancies, 1 fatality due to an adverse event during CCRT, and 1 lethal event unrelated to malignancy following CCRT. The details of secondary malignancies are as follows: 7 esophageal carcinomas, 4 primary lung carcinomas, 1 cholangiocellular carcinoma, 1 pancreatic carcinoma, 2 colorectal carcinomas, 1 breast carcinoma, and 1 malignant lymphoma. One patient suffered from esophageal and lung carcinoma during the follow-up. Two patients succumbed due to secondary malignancies; one due to lung cancer and the other to malignant lymphoma.
Following the completion of CCRT, a complete response (CR) was certified in 118 (74%) patients. Using the Kaplan-Meier method, the 3-year OS and PFS rates were 80.8 and 55.9%, respectively. The CR rate of the high-dose cisplatin-tolerant patients was significantly higher than that of the high-dose cisplatin-intolerant patients (82 vs. 67%, P=0.045). By Cox regression analyses, however, there were no significant differences in the OS or PFS rates; the 3-year OS values of the high-dose cisplatin-tolerant/intolerant patients were 79.5 and 81.2%, respectively (hazard ratio=0.79, P=0.59), and the 3-year PFS values of high-dose cisplatin-tolerant/intolerant patients were 70.4 and 44.6%, respectively (hazard ratio=0.58, P=0.076) (Fig. 1) . Although the PFS tended to be longer in the high-dose cisplatin-tolerant patients, a statistically significant difference was not observed.
Discussion
For CCRT, the most well-confirmed chemotherapy regimen in randomized clinical trials (2-4) is high-dose cisplatin, 100 mg/m 2 per 3 weeks. However, even with the extensive evidence of the efficacy of a high-dose cisplatin regimen, such a regimen has been not applied to all the HNSCC patients.
Additionally, although the feasibility of this regimen for Japanese patients was also evaluated and affirmed in a small study (7) , the standard dose of cisplatin has been not approved in Japan.
The major reason for not administering a high-dose cisplatin regimen is its accompanying high risk of severe adverse events, resulting in the frequent non-completion of the cisplatin regimen. CCRT with high-dose cisplatin has been confirmed to improve patient responses and OS; however, its risk of severe adverse events is also increased (2-4). It was also reported that during long follow-ups, severe late toxicities are also problematic and affect long-term survival (8) . However, dose reduction or discontinuation of high-dose cisplatin based on the risk of adverse events is not recommended, as the cumulative cisplatin dose and treatment Table IV . Grade 3/4 adverse events. Table III . Predictive factors of high-dose cisplatin tolerance. cycles are correlated with the prognoses of HNSCC patients receiving CCRT (9) . Based on the review of the results of clinical trials reported until the early 2000s, the study by Ang (10) suggested that a cumulative cisplatin dose of 200 mg/m 2 would be the threshold for patients to yield a beneficial antitumor effect from CCRT regardless of the schedule. Previous studies also suggest that a cumulative dose of 200 mg/m 2 is the threshold to experience a benefit from CCRT (11, 12) , and certain clinical trials set a total dose of 200 mg/m 2 in their control group (9, 13) . Based on these findings, the present study used the cumulative dose of 200 mg/m 2 as the target dose. In the present patient population, the rate of high-dose cisplatin-tolerant patients was 46%; thus, approximately one-half of the patients did not reach the provisional cumulative cisplatin dose of 200 mg/m 2 in the clinical practice. For high-dose cisplatin-intolerant patients, offering more feasible regimens other than high-dose cisplatin should be considered. Alternative regimens providing improved prognoses and less toxicity have been pursued, but as of 2000, there were no other treatment regimens for CCRT that surpassed the effectiveness of high-dose cisplatin.
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As a new treatment strategy, concomitant cetuximab treatment and radiotherapy (BRT) was certified to improve the prognoses of patients with locally advanced HNSCC compared to radiation only (5). BRT is recognized as a more feasible regimen compared to CCRT and is now widely indicated for locally advanced HNSCC patients. However, there is not enough evidence to conclude the superiority or non-inferiority of BRT to CCRT. Retrospective studies comparing the prognoses of patients who underwent CCRT to those who underwent BRT appear to show that the patients who received CCRT had a longer survival (14, 15) , but it is likely that these studies have the limitation of selection bias, in which BRT may be preferably administered to patients with poor performance status, high risks or comorbidities. Recent prospective randomized trials comparing CCRT and BRT suggest that the prognoses afforded by these two treatment strategies are nearly equal (16, 17) . However, in those prospective studies, the patients in the CCRT arms had relatively low compliance to the chemotherapy. It is quite possible that the equality of CCRT and BRT in these randomized studies was influenced by the differences in the treatment feasibility. To evaluate and decide whether CCRT with high-dose cisplatin or BRT is the better treatment strategy, high-dose cisplatin-tolerant patients must be identified, and the patient responses and prognoses following CCRT and BRT must be compared. As adding cetuximab to CCRT was shown to not contribute to an improvement of OS in the randomized trial RTOG 0522 (13), it is apparent that CCRT and BRT should not be administered to the same patients.
In current decisions of the indications for CCRT, in light of BRT as a feasible treatment option, we would like to predict the patients' tolerance to high-dose cisplatin, as well as their responses and prognoses. In the present retrospective study, male gender and BSA were significantly predictive for cisplatin tolerance. The male-female ratio of the HNSCC patients was highly biased, but considering the differences of the absolute number of patients, there is a clinical study that suggests female HNSCC patients tended to have poor prognoses (18) . Differences of tolerability to high-dose cisplatin may be one of the reasons for the poor response among female HNSCC patients.
Associations between body weight and the incidence of several types of cancer have been described (19) . Body weight is also suggested to be associated with prognoses in certain malignancies. Being overweight is suggested to be a poor prognostic factor in breast cancer patients (20) , whereas for lung cancer patients and malignant lymphoma patients, there are certain studies indicating that overweight and even obesity is associated with a better prognoses (21, 22) . HNSCC patients with high BMIs have been shown to be associated with longer survival (23, 24) , and similar data were also reported for Japanese HNSCC patients (25) .
In the present study, in addition to BSA, clinical parameters associated with the body mass and body weight, such as creatinine clearance and BMI were significant predictors of cisplatin tolerance by Fisher's exact test. Body weight and BMI reflect numerous patient background factors, such as nutrition, dietary habits, total mass of fat and/or muscle, and genetic factors. Forming conclusions regarding the associations between body weight and survival in HNSCC patients is difficult, but as a tool for evaluating the feasibility of treatments, body weight could be a useful factor as it is extremely easy to measure.
As for adverse events, high rates of hematological adverse events, renal dysfunction and aspiration pneumonia were observed in the cisplatin-intolerant patients. In previous studies, grade 3/4 hematological adverse events were observed in 29-50% of patients receiving CCRT with high-dose cisplatin (2) (3) (4) 6) . In the present series, there were no clear differences in hematological adverse events between the patients who were cisplatin-tolerant or -intolerant. Aspiration pneumonia is a problematic adverse event among HNSCC patients, which is associated with dysphagia. Chen et al (26) examined the clinical courses of 595 HNSCC patients who received CCRT, and identified that the incidence of aspiration pneumonia during CCRT was 7%. The risk of aspiration pneumonia remains high following CCRT completion. Hunter et al (27) reported that the cumulative incidence of aspiration pneumonia of oropharyngeal cancer patients following CCRT was 20% with the median follow-up time of 49 months. Mortensen et al (28) estimated the incidence of aspiration pneumonia in HNSCC patients treated with CCRT using the DAHANCA database, and reported the incidence rate of 29 per 1,000 person-years and the incidence proportion of 5.3% in the first year after radiotherapy. In the present study, the incidence of aspiration pneumonia was 12%, which is relatively higher compared to the values in the previous studies. To complete a pre-planned cisplatin regimen, the prevention of aspiration pneumonia is extremely important. Weight loss and BMI were suggested to be associated with aspiration in patients treated for head and neck cancer (29) .
The high-dose cisplatin-tolerant patients in the present study showed a high CR rate; however, there were no significant differences in the tolerant versus intolerant patient prognoses, in neither the PFS nor the OS. The present study has certain limitations regarding the evaluation of prognoses following CCRT: Short follow-up times, the stages included, and the lack of an evaluation of the patients' human papilloma virus (HPV) status. The median follow-up time in the study was 37.6 months, <5 years; which may not be enough time to evaluate long-term prognoses. The inclusion of stage II patients may confuse the evaluation of prognoses. HPV infection has been known to affect the incidence and prognosis of HNSCC, particularly oropharyngeal cancer (30) . The present study included 57 (36%) oropharyngeal cancer patients; however, the HPV status of these patients was not certified. In numerous prospective studies, HPV infection has been proven to be the better prognostic factor, as HPV-related HNSCC patients have good responses to radiotherapy and chemotherapy. In certain clinical trials, the influence of HPV status on prognosis was greater than that of the treatment interventions (31) .
When planning treatment strategies for HNSCC patients, to improve patient prognoses and qualities of life, the appropriate treatment strategy should be selected based on the prognostic and predictive factors of each treatment. The present findings suggest that parameters associated with the patient body mass and weight may also be predictive factors of a high-dose cisplatin CCRT regimen. It would be worthwhile to further investigate such parameters when assessing the feasibility of and indications for CCRT.
